ABSTRACT In this article we document the distribution and ecology of marine fungi in the South China Sea. They have been widely studied in this area, resulting in approximately a third of all described marine fungi (560 species) reported from the South China Sea, and especially from Hong Kong, Malaysia, Thailand and Taiwan. Sixty-nine marine fungi have been described from countries bordering the South China Sea, mainly ascomycetes species, with many from Malaysia (25 species). Many of the fungi documented have been found on mangrove substrates, including attached and drift mangrove wood. This has resulted in detailed studies of their vertical and horizontal distribution in mangroves, and sequence of colonisation on submerged test blocks. Many marine fungi isolated from the South China Sea have been screened for new chemical structures with bioactivity. Foremost has been Professor Y. C. Lin and his colleagues at Guangzhou University who have described a wide range of chemical structures including 42 new or novel compounds and 35 known compounds from 25 fungal strains (comprising endophytes, obligate and marine-derived fungi). Although fi lamentous fungi have been widely collected in the South China Sea, information on chytrids, mucoraceous fungi and fungal-like organisms is meagre and warrants further investigation.
INTRODUCTION
In comparison to other marine organisms, fungi and fungus-like organisms are not as numerous, but yet play a vital role in the recycling of organic matter in marine environments [46] [61] [76] [83] . The Ascomycota, Basidiomycota and asexual morphs are the best known groups of marine fungi as testifi ed by the number of books published [30] [41] [38] . Few marine members of the Chytridiomycota have been described and are rarely included in general books or reviews, while marine yeasts are generally documented in reviews on yeasts [15] [43] . However, the book "Marine Fungi and Fungal-like Organisms" [35] offers a broad coverage of all taxonomic groups, their phylogeny, ecology and industrial application. In this article we wish to consider four topics:
• the organisms, • their occurrence and distribution of marine fungi in the South China Sea,
• chemical structures from marine fungi, • production of omega-3-fatty acids, and, • conclusions.
MARINE FUNGI AND FUNGUS-LIKE ORGANISMS
Various estimates have been made of the number of marine fungi and much depends on the criteria used to characterise these organisms. Many mycologists no longer use the straight jacket terms obligate and facultative marine organisms, but rather accept a broad ecological defi nition of all that are repeatedly collected or isolated from marine habitats [33] . Early studies tend to consider only fungi sporulating on the substrate, ignoring those present in the water columns as plankton or single cells, e.g. marine yeasts [16] . The current number of described marine fungi stands as 530 species in the Ascomycota, Basidiomycota and asexual morphs [38] . However this fi gure does not include the Chytridiomycota and yeasts. Estimates of the number of marine fungi and fungus-like organisms are presented in Tables 1 and 2, [88] . These studies resulted in the description of a wide range of new marine fungi: Calathella mangrovei [34] , Caryospora mangrovei [23] , Diaporthe salsuginosa and Aniptodera haispora [87] , Phragmitensis marina [89] , and Sedecimiella taiwanensis [65] , to mention but a few.
Sixty-nine marine fungi have been described from countries bordering the South China Sea, mainly ascomycetes species ( [14] , utilization of food processing waste [11] , tolerance to heavy metals [54] , source of animal feed in marine aquaculture [29] , and their growth and polyunsaturated fatty acid production (PUFA), in particular docosapentaneoic acid (DHA) [11] [82] (see section 4).
Other fungus-like organisms include Halophytophthora, Haliphthoros and Sirolpidium species, with some causing diseases of marine animals such as abalone, lobster, and prawns, generally of eggs or larvae [18] . Hatai et al. (1980) [7] . The fungi reported are primarily asexual morphs, similar to terrestrial counterparts: Aspergillus, Penicillium and Pestalotiopsis spp., and since few of these are fully identifi ed, their marine origin remains to be resolved [33] .
Although most natural products studies have focused on antimicrobials, others have looked for antifouling activities and the production of unique enzymes [31] [73].
PRODUCTION OF OMEGA-3-FATTY ACIDS
The ability of fungus-like organisms, such as thraustochytrids, to produce the polyunsaturated fatty acid docosahexaenoic acid (DHA, c22:6n3) has been known for many years [4] [29] , and in particular their potential use in aquaculture [28] . Preliminary studies by Leano et al. (2003) explored the growth and fatty acid production of thraustochytrids isolated in Philippine mangroves.
CONCLUSIONS
Jones and Vrijmoed in 1993 gave a presentation on the biodiversity marine fungi in South China Sea at a conference on "Perspective on marine environment change in Hong Kong and Southern China 1977-2001". Since then considerable progress has been made to document the fungal biodiversity of this region, as documented above. Marine fungi can be grouped according to their geographical distribution temperate, tropical/subtropical and Arctic/Antarctic, while some are cosmopolitan. Some 50 % of the described marine fungi are tropical and most of these have been recorded from the South China Sea, with 69 new fungi described from this region. New fungi continue to be described from the South China Sea, such as Kitesporella keelungensis and Pileomyces formosanus (64) (63) .
Over the past 20 years marine fungi have been screened for a variety of products, in particular compounds with antimicrobial activity from fi lamentous species, PUFA production from thraustochytrids, and enzymes. Filamentous marine fungi have been shown to produce a diverse range of enzymes as they grow under extreme conditions: high salt tolerance, deep waters, alkaline pH and low temperatures. Many industries require enzymes that are alkaline tolerant and with optimal activity at low temperatures. Despite this biochemical and physiological diversity, few have been commercially successful.
Compounds produced by marine fungi which have been commercially developed include: cephalosporin C isolated from seawater near a sewage outlet, off the Sardinian coast, phomactins, initially isolated from a Phoma sp. isolated from crab shell and plinabulin, a diketopiperazine halimide, which is in advanced clinical trials for anticancer therapy. What are the challenges for the future? Many new marine fungi remain to be discovered, especially the marine derived taxa (e.g. Aspergillus, Penicillium spp.), which need to be fully described and confi rmed by molecular studies to show how they differ from their terrestrial counterparts. Marine yeasts and chytrids have hardly been looked for in the South China Sea, and many substrata need to be examined for fungi: diseases of mangrove plants, corals, mollusc shells, deep-sea water samples and endophytes of seaweeds. Our knowledge on fungus-like organisms is limited to studies of thraustochytrids, and greater effort is required in their study. Biochemical and physiological studies of fungi from the South China Sea have been few and warrants greater attention.
Group Number

Marine fungi 560
Facultative marine fungi 100
Marine yeasts 1500
Misidentifi ed fungi 100
Marine-derived 1500
Deep-sea fungi 300
Planktonic fungi 500
Endophytes, algicolous and cryptic species 7 500
Total 12 060 Table 4 . Number of marine fungi recorded for the South China Sea.
Figure 1.
Distribution of sites surveyed for marine fungi (Jones, unpublished data) 
